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The expression "glomerular tubular balance" first ap-
peared in the Bulletin of New York Academy of Medicine in
1948 [1]. The literary content of this paper, "The Excretion
of Strong Electrolytes," by Wesson, Anslow and Smith
belongs wholly to Homer Smith. Near the end of that paper,
page 604, he writes: "Future studies of electrolyte and
water balance must take cognizance of such long-range
changes as the diurnal cycle of GFR recognizing the prin-
ciples that the kidneys, functionally paired in glomerular
tubular balance, the extracellular fluid, the vascular tree,
and the heart, constitute a system, the integration of which
is essential not only to salt and water balance but also to
the efficiency of the circulation." Smith used "glomerular
tubular balance" as an apt succinct expression rather than
as a formal term. His meaning, however, is clear from
pages 600 and following. Glomerular tubular balance ex-
presses the formal requirement that, for an individual to
maintain a mean metabolic balance of zero, filtered load
must be adjusted to tubular transport. In the presence of
a specified input, plasma concentration will be determined
by the ratio of filtration rate to reabsorption. Disturbances
of concentration or body content will arise if this ratio is
upset. Inferences as to the nature or control of either the
filtration or transport processes are not involved. The fil-
tration component of glomerular tubular balance at the
point of zero metabolic balance and normal plasma con-
centration was termed the "equilibrium filtration rate".
In his 1951 monograph, Physiology of the Kidney in
Health and Disease [2], Smith returns to the concept of
glomerular tubular balance and enlarges upon it. In a sub-
section, page 485, entitled "Glomerulo-tubular Balance,"
he writes: "The problem of glomerulo-tubular balance,
therefore, contains many important issues, ranging from
the quantity of the filtrate delivered to each nephron in
relation to the reabsorptive capacity of the nephron for
specific substances ... to the questions of glomerular inter-
mittency and the basic regulation of the renal circulation
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as a whole." He continues in this subsection mainly with
discussion of glomerular intermittence, glomerular activity
and variation in glomerular activity in the nephron popula-
tion as a component of titration splay. Smith refers to
glomerulo-tubular balance in four more places in this
monograph: 1) Page 460, "In carrying out this task [of
regulating the internal environment] a nice balance must
be maintained between glomerular and tubular function.
The requirements of glomerulo-tubular balance extend to
the individual nephron"; 2) Pages 330—331 on sodium
chloride, "This theory [of GFR set to overflow distal
sodium reabsorption] envisions a pattern of glomerulo-
tubular balance in which both glomerular and tubular
activity are variable but through appropriate compensatory
changes the system can maintain salt and water balance
through a wide range of activity in either component";
3) Pages 116—117 on phosphate, "During resting conditions
on an adequate phosphate-containing diet, however, it is
probable that the plasma concentration and hence the
filtered load is just such as to saturate the tubules, and at
such times the plasma concentration may be said to be
determined by glomerulo-tubular balance, with due regard
to any splay in the titration curve"; 4) Page 126 on sulfate,
"... the plasma concentration [of sulfate] is determined at
any moment by the balance between filtration rate and
sulfate Tm ". Smith was aware of apparent proportionality
between proximal tubular reabsorption of electrolytes and
glomerular filtration rate and referred to it extensively in
both the 1947 and 1951 works. He doubted that the rela-
tionship was strictly linear, suspected that much of the
proportionality between these terms in various studies was
artefactual and scrupulously avoided applying "glomerulo-
tubular balance" to the observation. To him the concept of
glomerulotubular balance was real, heuristic, and inde-
pendent of mechanism or experimental procedure. Its sense
was kin to the older term, "threshold." It encompassed his
large view that physiology should describe the organism in
its environment.
Glomerular activity, to which Smith referred in dis-
cussing factors bearing on glomerulotubular balance, is an
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earlier creation by him. In 1943 a classic paper appeared,
"The Application of Saturation Methods to the Study of
Glomerular and Tubular Function in the Human Kidney,"
by Smith, Goidring, Chasis, Ranges and Bradley [3]. When
the load to the kidney of a reabsorbed substrate which
ultimately may show as excretion is increased, progressively
rising excretion rate is observed substantially before a
maximal transport rate is attained. He termed the curved
rather than sharp approach to maximum when transport
at rising load is portrayed as a fraction of the maximal
value the "splay of the titration curve." This observation
could be explained either by excretion beginning from some
nephrons earlier than others, or by a gradual approach to
saturation in each nephron because of particulars of kinetics
of transport, or by some combination of both factors. Since
anatomical studies showed variation in tubular or glomeru-
lar size, he concluded that the splay could not be due solely
to kinetic factors but must be due either to anatomical
variation or to anatomy plus kinetic factors, where "ana-
tomy" is synonymous with the functional capacity of the
anatomical unit. Of the two situations, only the simplest,
that is where the splay is the result of progressive recruit-
ment of nephrons as load increases, could be analyzed
directly, and of substances known to be transported by
the renal tubules, only glucose appeared to have a suffi-
ciently high affinity for the cell transport system in man
and dog to exhibit with any confidence a chiefly anatomical
titration splay. The excretory function of nephrons in the
simplified glucose model (a model wherein all nephrons are
either fully saturated and excreting or unsaturated and not
excreting) clearly depends upon both their glomerular (load)
and tubular (reabsorptive) components, and "glomerular
activity," the ratio of nephron filtration rate to nephron
transport capacity, is a measure of this function: that is,
"glomerular activity" measures whether a nephron will or
will not be excreting at a given plasma glucose concentra-
tion. From this definition, the distribution of glomerular
activity within the nephron population can be calculated
directly from the titration splay.1 The average glomerular
activity of all nephrons is given by the usual bladder
clearance measurements of filtration rate and glucose Tm.
Any other substance possessing the properties ascribed to
glucose should yield an identical splay and could be used
to assay distribution of glomerular activity. For other
purposes, however, only the mean glomerular activity may
have significance. For such purposes any transported sub-
stance exhibiting a reasonably stable transport maximum
may be used as an index of average tubular functional
capacity as related to average glomerular function. Unlike
glomerulo-tubular balance, glomerular activity is rather
1 The slope or first derivative of the curve, T/Tm vs. L/Tm,
measures the fraction of nephrons unsaturated at a given load,
while the second derivative at the same load yields the frac-
tion of nephrons having a glomerular activity of any value
relative to the mean value.
rigorously defined, is intrinsic to the kidney, and ideally
requires a rigid transport function for its assay. As noted
by Smith (1951) [2] glomerular activity may rise or decline
as one of several mechanisms involved in achieving gb-
merulo-tubular balance.
For several years following publication of the 1951
monograph, few if any papers appeared employing or re-
ferring to either glomerulo-tubular balance or glomerular
activity. In his small 1956 text [4] Smith made no advances
or changes from his previous works, referring to "gb-
merular activity" as the analytical basis for titration splay
(page 39) and "glomerular-tubular balance" in a metabolic
content, generally (pages 33 and 171) or specifically relative
to phosphate and sulfate (pages 44, 45). Then, in 1965,
Gertz, Mangos, Braun and Pagel reported micropuncture
studies of proximal segment fluid reabsorption in a paper
titled, "On the Glomerubo-tububar Balance in the Rat
Kidney" [5]. They wrote: "It has often been assumed
that ... there is a constancy of the fractional proximal
tubular reabsorption at 70 to 80 percent of the amount
delivered. Homer Smith used the term "gbomerular tubular
balance" to describe this hypothetical relationship ..
Gertz refers to the above described subsection in Smith's
1951 monograph, page 485, entitled "Glomerulo-Tubular
Balance" as his source. If Gertz had contended that little
use had been made of Smith's concept and that the phrase
was too apt to deserve oblivion, he might have gained his
point. However, Smith makes no mention of proximal
reabsorption in this subsection, and also makes no use of
"gbomerubotubular balance" in those chapters where
proximal reabsorption is described (e.g., page 328). For
whatever reasons— the reputation of Gertz and his asso-
ciates, the ready applicability of micropuncture techniques
to examine the phenomenon, the contemporary intense
interest in sodium and water transport or ascription of the
term to Homer Smith— "glomerubotubular balance" was
immedialy adopted with the definition of Gertz by nearly
all workers employing micropuncture technology. In the
literature of micropuncture studies, it is so employed to
this date of writing.
In the same year (1965) Bricker and his associates were
employing gbomerulotubular balance in an analysis of their
"intact nephron" hypothesis: "The seriously damaged (or
obstructed) unit does not contribute to urine formation.
The normal unit has its gbomerubo-tubular balance set
at the same level as in the contralateral kidney. The unit
with a diminished filtration rate also sustains a decrease
in tubular transport so that gbomerubo-tubular balance is...
the same as the composite value for the nephrons of the
contralateral organ. If this explanation is valid, regulation
of glomerulo-tubular balance would reside in each indi-
vidual nephron" (page 275). Glucose, p-aminohippurate or
phosphate were used as indices of tubular transport in
experiments described in the same paper. It is clear, how-
ever, that Bricker's usage of "glomerulo-tubular balance"
here and elsewhere is not that of Smith but is, instead, that
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of Smith's "glomerular activity." If the latter term is sub-
stituted for "glomerulotubular balance" in the quotations
just mentioned, the usage would conform closely or exactly
with that of Smith.
Pitts encompassed all three usages with a fine impartial-
ity in his estimable 1968 text [7]. Pitts' meaning is identical
with that of Smith when he uses the term in the negative:
"glomerulotubular imbalance with glomerular preponder-
ance does develop in uremia with respect to salt and water
reabsorption" (page 230) and "in the early diuretic phase
of recovery from acute renal failure" (page 234). In both
of these instances, the meaning is that relatively large salt
and water intakes may be required to assure homeostasis
and that this requirement is attributable in part to excessive
depression in tubular reabsorptive capability compared
with glomerular failure. As with Smith, details of intra-
renal processes or conditions are not required. Using gb-
merulotubular balance synonymously with glomerular
activity, as Bricker, he writes: "The morphological ex-
planation of splay introduces the concept of glomerulo-
tubular balance" (page 74) with "glomerulotubular im-
balance as a cause of splay in the glucose titration curve"
(legend to Fig. 6—3). The full text shows that Pitts at this
point is describing Smith's 1943 concepts and analysis of
the glucose titration curve, only exchanging "glomerulo-
tubular balance" for Smith's "glomerular activity." Last,
Pitts relates Gertz' definition and concept (pages 104—105).
To distinguish Gertz' definition of "glomerulotubular
balance", he encloses it in quotation marks, as did Gertz.
More recently, Seldin, Carter and Rector in their chapter
entitled "Consequences of Renal Failure and Their Ma-
nagement" [8] express a meaning for glomerulotubular
balance much closer to mean glomerular activity than to
Smith's meaning, writing for example: "The balance be-
tween glomerular and tubular functions (glomerulotubular
balance) is markedly disturbed [in uremia] so that the ratio
of GFR/Tm [of PAH or glucose] is increased and the
percent reabsorption of filtered solutes is decreased"
(page 212) and "glomerulotubular balance is reset at a
very different level — the ratios CPAH/GFR and TmPAH/GFR
are reduced . . ." (page 215). Judicious use of TmPAH as an
index of mean tubular functional capacity for glomerular
activity is permissible. In Smith's use of gbomerubotubular
balance "resetting at a different level" is immaterial as
long as homeostasis is defended.
What should be done? A characteristic of common
speech is that speakers can assign any meaning to a word
that serves their purpose. The purpose is fulfilled if the
meaning is clear or if the desired transfer of information is
achieved. Such freedom of choice seldom proves very
effective, and experience has shown that agreement upon
definitions and usage accomplishes considerable savings of
time and effort in information transfer. Homer Smith
defined "glomerular activity." The term unfortunately
connotes a purely glomerular function which Smith ob-
viously rejected. His later apt and popular expression,
"glomerulotubular balance" would seem to be a better
choice for some purposes, although somewhat clumsier
and particularly so for nephron population analysis. He
did not define "glomerulotubular balance" but this, as
inferred from usage, is clearly different from "glomerular
activity." Perhaps Smith felt constrained by his earlier
choice and underestimated the need for formal definition.
For the linear correlation (over a limited range) between
glomerular filtration rate and proximal segment sodium
chloride and water reabsorption discussed by Gertz, a
different expression is needed. A committee has been estab-
lished by the International Society of Nephrology to re-
commend definitions where a need is seen. Perhaps renal
physiologists should communicate their thoughts and ideas
to that committee for its consideration.
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